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tained values are plotted on X-Y axis coordinates, where v, 41
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regression line yja><D+b (a and b are constants) is ob-
tained, and Y is obtained when a target cross-sectional
area S for prediction is set to 100 mm?2, and when the 0
obtained value of y; is substituted into the regression line
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Description
TECHNICAL FIELD

[0001] The present invention relates to a Ni-base alloy which is used in blades, vanes, rings, combustion chambers,
and the like of aircrafts and gas turbines and is excellent in mechanical properties, especially, fatigue strength.

[0002] The present application claims priority on Japanese Patent Application No. 2012-024294 filed on February 7,
2012, the content of which is incorporated herein by reference.

BACKGROUND ART

[0003] Hitherto, for example, as shown in Patent Documents 1 and 2, a Ni-base alloy has been widely applied as a
material of parts which are used in aircrafts, gas turbines, and the like.

[0004] Patent Document 1 proposes that the amount of nitrogen present in a Ni-base alloy is set to be equal to or less
than 0.01 mass%. The reason for this is considered to be as follows: a titanium nitride and other harmful nitrides tend
to be formed in the presence of nitrogen and these nitrides cause fatigue cracks.

[0005] Patent Document 2 proposes that carbides and nitrides have a maximum particle diameter of 10 wm or less.
Itis pointed out that in the case where the particle diameter is equal to or greater than 10 um, cracks occur from interfaces
between the carbides and matrix phases and interfaces between nitrides and matrix phases during processing at room
temperature.

[0006] In addition, in the iron and steel field, as shown in Patent Documents 3 and 4, a method is proposed which
estimates and evaluates a maximum particle diameter of nonmetallic inclusions, especially, oxides in a Fe-Ni alloy such
as Fe-36% Ni and Fe-42% Ni.

[0007] However, in Patent Document 1, although the upper limit value of the nitrogen amount is regulated, it is not
associated with the maximum particle diameter of the nitrides. Therefore, there is a problem in that even when the
nitrogen amount is reduced, a Ni-base alloy which has sufficient fatigue strength cannot be stably obtained.

[0008] In addition, Patent Document 2 specifies that the carbides and the nitrides have a maximum particle diameter
of 10 wm or less. However, since the Ni-base alloy is used for aircrafts and gas turbine components for power generation,
the degree of cleanliness must be extremely high. Therefore, in fact, it is difficult to grasp the maximum particle diameter
by observation of all the sites. In the examples of Patent Document 2, the particle diameters of the carbides are measured,
and in this regard, it is suggested that it is difficult to grasp the maximum particle diameter of the nitrides. In addition, in
order to predict the maximum particle diameter of the nitrides, the maximum nitride particle diameter distribution in a
field of view measured in practice is important. However, in Patent Document 2, there is no description with regard to
this; and therefore, an estimated maximum particle diameter of the nitrides cannot be predicted.

[0009] InPatent Documents 3 and 4, in the Fe-Nialloy in which a large amount of relatively large nonmetallic inclusions
are precipitated, oxides which easily increase in particle diameter is set as a measurement target. It is very difficult to
estimate the maximum particle diameter of the nitrides in order to improve the fatigue strength in the Ni-base alloy, and
various examinations are required. In addition, in the Ni-base alloy, an oxygen amount and a nitrogen amount are reduced
due to re-melting, vacuum melting, and the like. Therefore, in the Ni-base alloy, the number of nonmetallic inclusions
and their sizes are smaller than those in a steel material. Furthermore, since the Ni-base alloy includes various phases,
analysis of emission intensities and observation of the nonmetallic inclusions cannot be performed in the same manner
as in the iron and steel fields.

[0010] Therefore, even in the case where the method which is performed in the iron and steel field is simply applied,
a relationship between the nitrides in the Ni-base alloy and the fatigue strength cannot be sufficiently evaluated.

PRIOR ART DOCUMENTS

Patent Documents

[0011]
Patent Document 1: Japanese Unexamined Patent Application, First Publication No. S61-139633
Patent Document 2: Japanese Unexamined Patent Application, First Publication No. 2009-185352

Patent Document 3: Japanese Unexamined Patent Application, First Publication No. 2005-265544
Patent Document 4: Japanese Unexamined Patent Application, First Publication No. 2005-274401
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DISCLOSURE OF THE INVENTION
Problems to be Solved by the Invention

[0012] Theinventionis contrived in view of the above-described circumstances. The inventors of the invention obtained
knowledge that a maximum particle diameter of nitrides in a Ni-base alloy has a great influence on fatigue strength. In
addition, in fact, since it was difficult to observe all of target cross-sections, a relationship between an estimated nitride
maximum size and fatigue strength in a target cross-sectional area for prediction was considered. The inventors of the
invention completed the invention based on the above-described knowledge and results of the consideration. The in-
vention aims to provide a Ni-base alloy which is excellent in mechanical properties, especially, fatigue strength.

Means for Solving the Problems

[0013] In order to solve the problem and achieve the object, a Ni-base alloy according to an aspect of the invention
is provided in which an area-equivalent diameter D is calculated, and the area-equivalent diameter D is defined by D=A1/2
from an area A of a largest nitride in a field of view when observation is performed for an observation area So for
measurement, this process is repeated in n fields of view for measurement, where n is the number of the fields of view
for measurement, so as to acquire n pieces of data on the area-equivalent diameter D, and the pieces of data on the
area-equivalent diameter D are arranged in ascending order of D4, D,, ..., D, to obtain a reduced variate Y which is
defined by the following Expression (1).

[0014] [Formula 1]

~n[-n{j/(n+1)}] )

[0015] (In the Expression (1), j is a rank number when the pieces of data on the area-equivalent diameter D are
arranged in ascending order)

[0016] The obtained values are plotted on X-Y axis coordinates, where an X axis corresponds to the area-equivalent
diameter D and a Y axis corresponds to the reduced variate y;, a regression line y;=axXD+b (a and b are constants) is
obtained, and when a target cross-sectional area S for prediction is set to 100 mm?2, Y is obtained through the following
Expression (2).

[0017] [Formula 2]

Yj

yj=~—1n -In— (2)

[0018] When the obtained value of Y is substituted into the regression line to calculate an estimated nitride maximum
size, the estimated nitride maximum size is equal to or less than 25 pm in terms of area-equivalent diameter.

[0019] Inthe Ni-base alloy according to an aspect of the invention, the estimated nitride maximum size when the target
cross-sectional area S for prediction is set to 100 mm2 is equal to or less than 25 um in terms of area-equivalent diameter;
and therefore, nitrides having large sizes are not present in the Ni-base alloy. As a result, the mechanical properties of
the Ni-base alloy can be improved.

[0020] In the nitride observation, the magnification is preferably in a range of 400 times to 1,000 times, and the number
n of fields of view for measurement is preferably equal to or more than 30. In addition, in the measurement of the nitride
area, it is preferable that first, a luminance distribution be acquired using image processing, a luminance boundary be
determined to distinguish between a nitride, a matrix phase, a carbide, and the like, and then an area of the nitride be
measured. At this time, a color difference (RGB) may be used in place of the luminance.

[0021] Here, the Ni-base alloy according to an aspect of the invention preferably contains 13 mass% to 30 mass% of
Cr and 8 mass% or less of at least one of Al and Ti.

[0022] Since chrome (Cr) forms a favorable protective film and improves high-temperature corrosion resistance such
as high-temperature oxidation resistance and high-temperature sulfidation resistance, Cr is desirably added. It is not
desirable that the content of Cr be less than 13 mass% from the viewpoint of high-temperature corrosion resistance. In
addition, it is not desirable that the content of Cr be greater than 30 mass% since harmful intermetallic compound phases
tend to be precipitated.

[0023] In addition, aluminum (Al) and titanium (Ti) constitute a y’ phase (NisAl) which is one of main precipitation
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strengthening phases, and act to improve high-temperature tensile properties, creep properties, and creep fatigue prop-
erties to thus lead to high-temperature strength. Therefore, either one or both of Al and Ti are desirably added. It is not
desirable that the content of either one or both of Al and Ti be greater than 8 mass% from the viewpoint of a decline in
hot workability.

[0024] Furthermore, in addition to the above-described Cr, Al, and Ti, 25 mass% or less of Fe may be contained.
[0025] Since iron (Fe) is inexpensive and economical and acts to improve hot workability, Fe is desirably added if
necessary. The content of Fe is desirably 25 mass% or less from the viewpoint of high-temperature strength.

[0026] In addition, 0.01 mass% to 6 mass% of Ti may be contained.

[0027] The Ni-base alloy having such a composition is excellent in heat resistance and strength, and can be applied
to parts which are used under a high-temperature environment such as aircrafts and gas turbines.

[0028] In addition, a titanium nitride is preferably measured as the nitride.

[0029] Since Tiis an active element, Ti easily generates a nitride. Since the titanium nitride has a polygonal shape, it
has a great influence on mechanical properties even when its size is small. Accordingly, by evaluating the maximum
size of the titanium nitride in the Ni-base alloy with high precision using the above-described method, the mechanical
properties of the Ni-base alloy can be securely improved.

Effects of the Invention

[0030] Accordingtoan aspectofthe invention, nitrides which are internally present are properly evaluated; and thereby,
it is possible to provide a Ni-base alloy which is excellent in mechanical properties, especially, fatigue strength.

BRIEF DESCRIPTION OF THE DRAWINGS
[0031]

FIG. 1 is a diagram illustrating a procedure for extracting a nitride having a maximum size from a field of view for
microscopic observation in a Ni-base alloy according to an embodiment.

FIG. 2 is a graph showing results of plotting of area-equivalent diameters of nitrides and reduced variates on X-Y
coordinates in the Ni-base alloy according to the embodiment.

FIG. 3 is a graph showing results of plotting of area-equivalent diameters of nitrides and reduced variates on X-Y
coordinates in example.

EMBODIMENTS OF THE INVENTION

[0032] Hereinafter, a Ni-base alloy according to an embodiment of the invention will be described.

[0033] The Ni-base alloy according to this embodiment contains Cr: 13 mass% to 30 mass%, Fe: 25 mass% or less,
and Ti: 0.01 mass% to 6 mass%, with the balance being Ni and unavoidable impurities.

[0034] In the Ni-base alloy according to this embodiment, an area-equivalent diameter D is calculated, and the area-
equivalent diameter D is defined by D=A"2 from an area A of a largest nitride in a field of view when observation is
performed for an observation area So for measurement. This process is repeated in n fields of view for measurement,
where n is the number of the fields of view for measurement, so as to acquire n pieces of data on the area-equivalent
diameter D. These pieces of data on the area-equivalent diameter D are arranged in ascending order of D4, D,, ..., D
to obtain a reduced variate y; which is defined by the following Expression (1).

[Formula 3]

n

yj==In[-In{;/(n+1)}] )

[0035] (In the Expression (1), j is a rank number when the pieces of data on the area-equivalent diameter D are
arranged in ascending order)

[0036] The obtained values are plotted on X-Y axis coordinates, where an X axis corresponds to the area-equivalent
diameter D and a Y axis corresponds to the reduced variate y;, and a regression line y;=axD+b (a and b are constants)
is obtained. When a target cross-sectional area S for prediction is set to 100 mm?2, yj is obtained through the following
Expression (2).

[Formula 4]
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S

=—In| -ln——
Yi So+S

(2)

[0037] When the obtained value of y; is substituted into the regression line to calculate an estimated nitride maximum
size, the estimated nitride maximum size is equal to or less than 25 pm in terms of area-equivalent diameter.

[0038] In this embodiment, the nitride is mainly a titanium nitride.

[0039] Here, the above-described method of estimating the estimated nitride maximum size will be described with
reference to FIGS. 1 and 2.

[0040] First, an observation area So for measurement is set for observation with a microscope, and nitrides in the
observation area So for measurement are observed. At this time, the observation magnification is preferably set to be
in a range of 400 times to 1,000 times. As shown in FIG. 1, a nitride having a maximum size is selected among the
nitrides observed in the observation area So for measurement. In order to measure the size with high precision, the
selected nitride is observed at a higher magnification and an area A thereof is measured to calculate an area-equivalent
diameter D=A"/2 At this time, the observation magpnification is preferably set to be in arange of 1,000 times to 3,000 times.
[0041] In the nitride observation, the magnification is preferably set to be in a range of 400 times to 1,000 times, and
the number n of fields of view for measurement is preferably equal to or more than 30, and more preferably equal to or
more than 50. In addition, in the measurement of the nitride area, it is preferable that first, a luminance distribution be
acquired using image processing, a luminance boundary be determined to separate a nitride, a matrix phase, a carbide,
and the like, and then an area of the nitride be measured. At this time, a color difference (RGB) may be used in place
of the luminance. Particularly, in the case where a carbide such as the carbide shown in Patent Document 1 is present,
it may be difficult to be distinguished from the nitride only with the luminance. Therefore, the separation is more preferably
performed with a color difference (RGB). In addition, the test piece provided for observation is observed with a scanning
electron microscope, and analysis is performed using an energy dispersive X-ray analyzer (EDS) mounted on the
scanning electron microscope. As a result, it is confirmed that the nitride is a titanium nitride.

[0042] This process is repeated in n fields of view for measurement, where n is the number of fields of view for
measurement, so as to acquire n pieces of data on the area-equivalent diameter D. The n area-equivalent diameters D
are arranged in ascending order to obtain data of D4, Do, ..., D,,.

[0043] Usingthe dataofD4, Do, ..., D,, areduced variate yj which is defined by the following Expression (1) is obtained.
[Formula 5]

yj=~ln[—ln{j/(n+1)}] (1)

[0044] Inthe Expression (1), ]is arank number when the pieces of data on the area-equivalent diameter D are arranged
in ascending order.

[0045] Next, as shown in FIG. 2, the pieces of data are plotted on X-Y coordinates, where an X axis corresponds to
the data of the n area-equivalent diameters D4, D,,.... D,, and a Y axis corresponds to values of reduced variates yjy,
Yo, ..., Y, corresponding to the data.

[0046] A regression line y;=aXDj+b (a and b are constants) is obtained by the plotting.

[0047] Next, an answer of y; is calculated through the following Expression (2). At this time, a target cross-sectional
area S for prediction is set to 100 mm2. That is, the value of yj corresponding to the target cross-sectional area S for
prediction (=100 mm?2) is calculated from the Expression (2).

[Formula 6]

S

=—In| ~ln—>—
yp=—m nS0+S

@

[0048] In the graph shown in FIG 2, the value of D; of the regression line at the value of y; corresponding to the target
cross-sectional area S for prediction (the straight line H in FIG. 2) becomes an estimated nitride maximum size. In this
embodiment, the estimated maximum size is equal to or less than 25 pm.

[0049] Hereinafter, an example of a method of manufacturing a Ni-base alloy according to this embodiment will be
described.

[0050] Raw materials including elements other than Ti and Al are mixed and melted in a vacuum melting furnace. At
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this time, high-purity raw materials having a small nitrogen content are used as the raw materials of Ni, Cr, Fe, or the like.
[0051] Before the melting is started, the atmosphere in the furnace is repeatedly replaced three or more times with
high-purity argon. Thereafter, vacuuming is performed, and the temperature in the furnace is raised. The molten metal
is held for predetermined hours, and then Ti and Al which are active metals are added thereto, and the molten metal is
held for predetermined hours. The molten metal is poured into a mold to obtain an ingot. From the viewpoint of preventing
coarsening of nitrides, Ti is desirably added as immediately before pouring the molten metal into the mold as possible.
The ingot is subjected to plastic working to manufacture a billet having no casting structure.

[0052] The Ni-base alloy manufactured through such a manufacturing method has a low nitrogen content. In addition,
the time during Ti, which is an active element, is held at high temperature is short. Therefore, generation and growth of
a titanium nitride can be suppressed. Accordingly, as described above, the estimated nitride (titanium nitride) maximum
size when the target cross-sectional area S for prediction is set to 100 mm?2 is equal to or less than 25 pm.

[0053] According to the Ni-base alloy of this embodiment having the above-described properties, the estimated nitride
maximum size when the target cross-sectional area S for prediction is set to 100 mm?2 is equal to or less than 25 pm in
terms of area-equivalent diameter D;. Therefore, nitrides having a large size are not present in the Ni-base alloy; and
thereby, the mechanical properties of the Ni-base alloy can be improved.

[0054] Particularly, in this embodiment, Ti which is an active element is contained and the nitride is a titanium nitride.
The titanium nitride has a polygonal cross-section. Therefore, it has a great influence on mechanical properties even
when its size is small. Accordingly, by evaluating the maximum size of the titanium nitride in the Ni-base alloy with high
precision using the above-described method, the mechanical properties of the Ni-base alloy can be securely improved.
[0055] Although the Ni-base alloy according to the embodiment of the invention has been described as above, the
invention is not limited thereto, and appropriate modifications can be made without departing from the features of the
invention.

[0056] For example, the Ni-base alloy has been described which has a composition including Cr: 13 mass% to 30
mass%, Fe: 25 mass% or less, and Ti: 0.01 mass% to 6 mass%, with the balance being Ni and unavoidable impurities;
however, the invention is not limited thereto, Ni-base alloy having other compositions may be provided. For example,
Al may be contained.

[0057] Inaddition, the Ni-base alloy manufacturing method is not limited to the method exemplified in this embodiment,
and other manufacturing methods may be applied. As a result of the evaluation of the nitrides using the above-described
method, the estimated nitride maximum size should be equal to or less than 25um in terms of area-equivalent diameter
when the target cross sectional area S for prediction is set to 100 mm2.

[0058] For example, a method may be employed which includes: bubbling the molten metal in the vacuum melting
furnace with high-purity Ar gas so as to reduce the nitrogen content in the molten metal; and then adding an active
element such as Ti.

[0059] In addition, a method may be employed which includes: reducing the pressure in the chamber of the vacuum
melting furnace; introducing high-purity Ar gas into the chamber so as to make the chamber pressure positive to thus
prevent incorporation of air; and in this state, adding and melting an active element such as Ti.

EXAMPLES
[0060] Hereinafter, results of a confirmation test performed to confirm the effects of the invention will be described.
(Invention Examples A to E)

[0061] 10 kg of an alloy shown in Table 1 was melted in a vacuum melting furnace. First, acid-pickled raw materials
such as Ni, Cr, Fe, Nb, Mo, and Co were charged in a crucible and subjected to high-frequency induction melting. At
this time, the melting temperature was set to 1450°C and a crucible made of high-purity MgO was used. The raw materials
such as Ni, Cr, Fe, Nb, Mo, and Co were charged, and then before the melting was started, the atmosphere in the
furnace was repeatedly replaced three or more times with high-purity argon. Thereafter, vacuuming was performed, and
the temperature was raised in the furnace.

[0062] The addition of Ti and Al which were active elements was performed in the following two ways (i) and (ii).

(i) One half of the addition amount of Ti and Al, which were active elements, was charged in a crucible simultaneously
with the raw materials such as Ni, Cr, Fe, Nb, Mo, and Co. In addition, the remaining half was added after 10 minutes
passed from melt-down.

(ii) The total amount of Ti and Al was added after 10 minutes passed from melt-down of the raw materials.

[0063] The molten metal in which the component adjustment had been conducted was held for 3 minutes, and then
the molten metal was poured into a cast-iron mold ($80x250H) to manufacture an ingot. This ingot was subjected to
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billet forging to provide plastic strain of 1.5 by cogging; and thereby, a billet having no casting structure was manufactured.
In this case, the nitrogen content in the ingot was in a range of 50 ppm to 300 ppm.

(Comparative Examples F and G)

[0064] 10 kg of an alloy shown in Table 1 was subjected to air melting in a high-frequency induction melting furnace.
First, raw materials such as Ni, Cr, Fe, Nb, Mo, Co, Ti, and Al, which were not subjected to acid pickling, were charged
in a crucible and melted. At this time, after the melting, the molten metal was held for 10 minutes at 1500°C, and then
the molten metal was held for 10 minutes at 1450°C. A crucible made of high-purity MgO was used. Then, the molten
metal was poured into a cast-iron mold ($80x250H) to manufacture an ingot. This ingot was subjected to billet forging
to provide plastic strain of 1.5 by cogging; and thereby, a billet having no casting structure was manufactured. In this
case, the nitrogen content in the ingot was in a range of 300 ppm to 500 ppm.

[0065] A sample for structure observation was cut out of the obtained billet, and the sample was polished and subjected
to microscopic observation. An estimated nitride maximum size when a target cross-sectional area S for prediction was
set to 100 mm2 was calculated according to the above-described procedure. In this example, an observation area So
for measurement was set to 0.306 mm2. The selection of the nitride having the maximum size in the observation area
So for measurement was performed by observation at a 450-fold magnification, and the area of the selected nitride was
measured by observation at a 1,000-fold magnification. The number n of fields of view for measurement was 50.
[0066] FIG. 3 shows regression lines obtained by plotting the data on the X-Y coordinates. Here, a reduced variate Y
is 5.78 when a target cross-sectional area S for prediction is set to 100 mm2 and an observation area So for measurement
is set to 0.306 mmZ2. A value (area-equivalent diameter D)) of the X-coordinate of an intersection between the straight
line in which y; is 5.78 and a regression line is an estimated nitride maximum size. It is confirmed that in the invention
examples A to E, the estimated nitride maximum sizes (area-equivalent diameters DJ-) are equal to or less than 25 pm.
In contrast, it is confirmed that in the comparative examples F and G, the estimated nitride maximum sizes (area-
equivalent diameters Dj) are greater than 25 pum.

[0067] Next, a sample for measurement was cut out of the obtained billet, and a nitrogen content in the Ni-base alloy
was measured. The sample was melted in inert gas, and the nitrogen content was measured through a heat conduction
method. Since TiN was difficult to decompose, the measurement was performed by raising the temperature to 3,000°C.
[0068] In addition, a test piece was prepared from the obtained billet to evaluate fatigue strength through low-cycle
fatigue test. The low-cycle fatigue test was performed according to ASTM E606 under conditions where the atmosphere
temperature was 600°C, the maximum strain was 0.94%, the stress ratio (minimum stress/maximum stress) was 0, and
the frequency was 0.5 Hz to measure the number of times of failure (the number of repetitions of the testing cycle up to
the failure). The fatigue strength was evaluated from the number of times of failure. The surface of the test piece was
subjected to machining, and then polished to be finished. The evaluation results are shown in Table 1.

Table 1
Estimated Number of
Alloy Nominal Cor.n.ponent Method of Adding Ti and Al N|t.r|de T|m.es of
Type Composition Maximum Failure
Size (pm) (times)
Invention UNS No Ni-19wt%Cr-18wt%Fe- The total amount was added
Example A 7718 ’ 5.1 wt%Nb-3wt%Mo- after 10 minutes passed from 16 5.1x104
P 0.9wt%Ti -0.5Wt%Al melt-down.
. Ni-20wt%Cr-
ey | Vet || vanicodso. | et smonaasied | g7 | oot
P 3wt% Ti-1wt%Al P
One half of the total amount
. o (r o Fn. | Wasadded when raw materials
Invention UNS No. Ni-19wt%Cr-18wt%Fe were charged before melting.
5 .1 wt%Nb-3wt%Mo- L 21 3.2x104
Example C 7718 . The remaining half was added
0.9wt%Ti -0.5wt%Al .
after 10 minutes passed from
melt-down.
Invention UNS No Ni-19wt%Cr-18wt%Fe- The total amount was added
Example D 7718 ’ 5.1 wt%Nb-3wt%Mo- after 10 minutes passed from 24 2.4x104
P 0.9Wt%Ti -0.5Wt%Al melt-down.
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(continued)
Estimated Number of
Alloy Nominal Cor.n.ponent Method of Adding Ti and Al N|t.r|de T|m.es of
Type Composition Maximum Failure
Size (pm) (times)
One half of the total amount
Ni-19wt%Cr-18 was added when raw materials
Invention UNS No. wt%Fe-5.1 wt%Nb- were charged before melting. o5 3.1%104
Example E 7718 3wt%Mo -0.9wt%Ti- The remaining half was added '
0.5wt%Al after 10 minutes passed from

melt-down.

Ni-19 wt% Cr-18 wt%

Comparative | UNSNo. | Fe-5. wi%Nb-3wt% | |1 totalamountwas added

when raw materials were 28 5.6x103

Example F 7718 Mo-0.9 wt% Ti-0.5 _
WI%AI charged before melting.
Comparative | UNS No Ni-20wt%Cr- The total amount was added
Exari e G 7001 ' 14wt%Co-4wt %Mo- when raw materials were 29 3.8x103
P 3wt% Ti-1 wt%Al charged before melting.

[0069] In the comparative examples F and G in which the estimated nitride maximum size when the target cross-
sectional area S for prediction was set to 100 mm?2 was greater than 25 pm in terms of area-equivalent diameter, the
number of times of failure was small; and therefore, the fatigue strength was confirmed to be low.

[0070] In contrast, in the invention examples A to E in which the estimated nitride maximum size when the target cross-
sectional area S for prediction was set to 100 mm?2 was 25 pm or less in terms of area-equivalent diameter, the fatigue
strength was confirmed to be significantly improved.

Industrial Applicability

[0071] A Ni-base alloy according to an aspect of the invention is excellent in mechanical properties, especially, fatigue
strength. Therefore, the Ni-base alloy according to an aspect of the invention is suitable as a material of parts such as
blades, vanes, disks, cases, combustors, and the like of aircrafts and gas turbines.

Claims

1. A Ni-base alloy,

wherein an area-equivalent diameter D is calculated, and the area-equivalent diameter D is defined by D=A"2 from
an area A of a largest nitride in a field of view when observation is performed for an observation area So for
measurement, this process is repeated in n fields of view for measurement, where n is the number of the fields of
view for measurement, so as to acquire n pieces of data on the area-equivalent diameter D, and the pieces of data
on the area-equivalent diameter D are arranged in ascending order of D¢, Do, ..., D, to obtain a reduced variate Yj
which is defined by the following Expression (1):

[Formula 1]

y;=—ln[-In{;j/(n+1)}] (1)

(in the Expression (1), j is a rank number when the pieces of data on the area-equivalent diameter D are arranged
in ascending order),

the obtained values are plotted on X-Y axis coordinates, where an X axis corresponds to the area-equivalent diameter
D and a 'Y axis corresponds to the reduced variate yja regression line yj=ax D+b (aand b are constants) is obtained,
and when a target cross-sectional area S for prediction is set to 100 mm?2, yj is obtained through the following
Expression (2):

[Formula 2]
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and
when the obtained value of Y is substituted into the regression line to calculate an estimated nitride maximum size,
the estimated nitride maximum size is equal to or less than 25 um in terms of area-equivalent diameter.

The Ni-base alloy according to claim 1,
wherein 13 mass% to 30 mass% of Cr and 8 mass% or less of at least one of Al and Ti are contained.

The Ni-base alloy according to claim 2,
wherein 25 mass% or less of Fe is further contained.

The Ni-base alloy according to claim 2 or 3,
wherein 0.01 mass% to 6 mass% of Ti is contained.

The Ni-base alloy according to any one of claims 1 to 4,
wherein the nitride is a titanium nitride.
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